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INTENDED LEARNING OBJECTIVES O 
(ILO) 


By the end of this lecture the student will b 


1. 


4. 
5. 


able to: 


Describe the physiological significance of the 


reticular formation. 
Explain the role of ARAS in consciousness. 


List the causes of stimulation and inhibition of the 
RAS. 


Mention the clinical importance of EEG. 
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Describe the different waves of EEG. 


Lecture Plan , 


By the end of this lecture the student will b 


able to: 


1. Part 1 (5 min) Introduction to reticular 
formation. 


2. Part 2 (35 min) main lecture 
Y Types of neurons in RF. 

Ÿ Functions of RF. 

Y Factors affecting activity of ARAS. 

Y Different waves of EEG. 
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2 Part3 (5 min) Summarv 


Reticular formation | 


Def: 


- À network of neurons 
located in the brain stem. 


(midventral portion of the 
medulla and midbrain) 


- It contains a sensory 
part and a motor part 
performing different 
functions. 


Medulla (Brain Stem) 


Brief Brain Anatomy 
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Reticular formation :) 
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Reticular formation D 


Cells in the reticular formation are: 
l- Sensory 


Cerebral Cortex 


Afferent 


p 


5 | Collaterals 
| 


Thalamus -* 


Subthalamus 
and Hypothalamus 


Ascending Reticular Activating 
System in Brainstem 
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Sensory neurons of RF 


Y They receive afferent impulses from: 


Vestibular Visual, 
apparatus Auditory 
PP Æ A & olfactory 
Hypothalamu nervous pathway 
S 


as 


‘cerebellum 


Affere 


> } Collaterals 
Aa Arius 


Subthalamus _ > a 
and Hypothalamus PES nin PAS er 
z Midbrain : All 
Ascending Reticular Activating ascending 
System in Brainstem lemnisci 
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Motor neurons of RF 


“It contains facilitatory & 
inhibitory pats- 


Ascending 


ty | - reticular 
i : activating systen 
caw os eae (ARAS) 


Facilitato ry à 
RF 


Ventral reticulospinal tract 
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Motor neurons of RF 


Facilitatory Reticular Formation (}) 


Ÿ Present in the pons & midbrain. 
Ÿ It has an intrinsic activity. 


¥ Ascending branch discharges excitatory 

impulses to all areas of cerebral cortex 
through ascending reticular activating 
system which is responsible for arousal 
(awaking). 


Y Descending branch discharges 
excitatory impulses to spinal motor neurons 
through ventral! reticulospinal tract. 


New Five Year Program Neuroscience Module 


Facilitatory Reticular Formation o) 


The activity of facilitatory RF is: 
v ted v Led / 


I 
- Neocerebellum. Paleocerebellum. 


- Vestibular nucleus. 
I Basal ganglia 


- Basal ganglia utamen 
(caudate) i | 


l Red nucleus. 


Inhibitory Reticular Formation D 


Y Present in the medulla oblongata. 
Ÿ It has NO intrinsic activity. 


Ÿ It sends inhibitory impulses to the spinal 
motor neurons through /ateral reticulospinal 
tract. 


Y Its activity is (+) by impulses from: 
- Area 6. 
- Paleocerebellum. 
- Basal ganglia (putamen) 
- Red nucleus. 
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The Reticular Formation 


Radiations 
to cerebral 
cortex 


Visual AM \ Ñ 
impulses AANI 

A Auditory 
Reticular formation R impulses 
Ascending general — i 
a unineiquees qu cpu s O 
(touch, pain, temperature) to spinal cord 
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Quiz (1) on: 
Which of the following is incorrect about r 


ypes of peurons in RF 


a) Its excitatory part locates mainly in the pontine 


region. 


b) Its inhibitory part located mainly in the medulla 
oblongata and send inhibitory impulses to all cortical 


areas. 


c) Its excitatory part gives origin to the reticular 


activating system 


d) Its excitatory part discharges stimulatory impulses to 


ew Five Year Progran Neuroscience Module r 
both cerebral cortex and A H.CS of the spinal cord. 


Functions of Reticular Formation D 


l- It is a link between higher centers in the 
brain and lower centers in the spinal cord [] 
integration. 


2- Control the level of consciousness & 
alertness and regulation of sleep wake cycles 
through projections to the thalamus & cortex 
called the reticular activating system 
(RAS). 


3- RAS is concerned with electrical activity of 
the brain (EEG). 


4- Regulation of autonomic functions as it 
contains vital centers e.g cardiac and 
vasomotor centers,.as.well as the respiratory 
centers. It also contains neurons that requlate 


Functions of Reticular Formation J 


5- Regulation of stretch reflex & muscle 
tone via reticulospinal tracts. 


e.g During standing, there are continuous 

facilitatory impulses passing from the RF & 
VN to spinal motor neurons [] T muscle tone 
in extensors [] to support the body. 


6- Site of perception of slow pain. It is also 
involved in modulation of nociceptive 
sensations to the cerebral cortex as the 
periaqueductal grey area (PAG) & the raphe 
nucleus are part of pain control analgesia 
system & their serotonergic neurons 
synapse with pain inhibitory complex (PIC) in 
spinat-cord to block-pain-transmission. 15 


1. Facilitatory impulses, from the RF to 
Quiauténs@ ‘thé BIEL SdOhardase | 


during standing. 


(True) 


2. RF is the site of perception & localization of fast 
pain. 


(False) 


3. Serotonergic neurons from raphe nucleus block pain 
transmission in 


Spinal cord. 


(True) 
4. RF excites all parts of the cortex through the ARAS. 
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Ascending Reticular Activating System 
(ARAS) 


ŸItis a complex 


polysynaptic pathway, 


Y originates at the 
facilitatory RF. 


I NSTN in thalamus. 


[] projects to almost all 


areas of cerebral 
cortex. 


(Reticulo-thalamo- 
cortical pathway) 
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of Fada be 
Cora dl Sd 


Petrus 
hema 
| T | a f 
hoe i mat reu 
et 
Wei T] + 


Tay Der oF pe Cee HQE gH 
raje akre perna 


tracts 


Reticulo-thalamo-cortical pathway 
16 


Ascending Reticular Activating System 


| (ARAS) 
Function of ARAS: 
v Concerned with 
consciousness & 


production of alert 
response. 


- It discharges to the 
thalamus & cortex to 
potentiate thalamic and 
cortical activity. 


- It helps transitions from 
relaxed wakefulness to 
periods of high attention 
& alertness. 


RAS and the Thalamo-Cortical System 


| RS a = 3 / 
15 g h 
T7 


H 7 “af T 
ypophysis © “8 We 


Porn 


Medulla 0 ¥ 


Inhibitory area \ \ 


Thalamo-cortical 
Pe circuits 
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g System 


Consciousness (na ) 

Y It is the awareness of > SE 
both self & one’s > 
Surroundings, thoughts 1 


and feelings. 


POIRIER TS 


cerebral cortex as a result of activation of 
ARAS-RF [] NSTN [] generalized (+) cerebral cortex 
( Reticulo-thalamo-cortical pathway) 


” Maintained by +ve feedback mechanism 
through 
re-excitationboslARASxbyhsomaRfrom the 
activated Cceeetaethalamo-reticular pathway) 
cortex” Program Neuroscience Module m 


Factors affecting the activity of 
AD AS 


a 


ae teu her arn 


ut) 


1- Sensory signals (e.g pain) 


(44) 


1- J signals from 


sensory 
2- Signals from cerebral cortex | 
pathways 
&hypothalamus (e.g voluntary or cerebral 
I 
cortex 


E 
movements & during 2- Stimulation of 
emotions) 
sleep 18 


ule 


Copyright i The Mean Campanie. ie Penrice recu bar rapip Of polir. 


Inputs from 
cerebral cortex 
(menial activities} 


Inputs from limbic system 
(emotional activities) 


Part of reticular 

_ formation involved 
in promoting 
consciousness 


Somatosensory 


Olfactory 
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Quiz (3) on: 


Factors affecting activity of ARAS 


Y aeree refers to subjective 
awareness of surroundings and self 


Consciousness/wakefulness 


Y Sensory signals as -------------------- stimulate 
the activity of ARAS while stimulation of 
------------------ centers inhibits its activity . 


Pain , sleep 
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Electroencephalogram (EEG) €)) 


Recording 
spontaneous electrical 
activity of the brain in 
unanaesthetized subjects 
by applying electrodes to 
the scalp of the patient. 


“Hans berger, is the 
German psychiatrist who 
recorded the first human 
EEG in 1924. 


New Five Year Program Neuroscience Module 


Electroencephalogram (EEG) ©) 


http s://www.nawinna.com/services/ view-d 
etails/19/eeg-unit-at-nawinna-medicare-h 
ospitals 
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Electroencephalogram (EEG) 


1.Localization of brain tumors. 

2. Diagnosis of epilepsy. 

3.Localization of collection of fluid overlying the 
cerebral cortex (Subdural hematoma). 


4. Monitor of sleep stages & diagnosis of sleep 


“https://mayfieldclinic.com/pe-eeqhtin | | 
EEG in Epilepsy 
(Sharp high voltage waves or spikes) 
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) 


malm « 


Fu Te nm mou Di = Con om Mid ol own Bess 


ht www.cerebromente.org.br/n03/tecnologia/eeg. 


tp: 
htm 


EEG in case of brain tumor 


(Distorted irregular waves ) 
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Copyright © The MoGraw-Hill Companies, Inc. Permission required for reproduction or display. 


Consist of 4 waves 
1 (Alpha) ^P"? 


Beta 


Delta 


sec 
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° Alpha: 
e Recorded from parietal and occipital regions. 
°. Adult, awake, relaxed, with eyes closed. 
°8 -13 cycles/sec. 
°50 microvolt. 


° Beta: 
e Recorded from frontal region. 
e Adult awake with eyes opened (during brain activity) & infants. 
e 18-30 cycles/sec. 
e. 10-25 microvolt. 
e Theta: 
e Recoded from temporal and parietal lobes. 
e children and adults during light sleep & emotional stress. 
- 4-7 cycles/sec. 
- 100 microvolt. 
° Delta: 
Recorded from all cortical areas. 


Recorded in deep sleep, infants & 
brain damage. 


0.5-4 cycles/sec. 
New Five Year Program Neuroscienee Veli icovolt 


Condition of Site of 
recording recordin 


g 


Delta li 
tical 


wi eas 


AA AUN À; A" es acs Theta poral 

EE es _ irtial 
= Emotional region 
stress. 


Alpha pital 
i \ rietal 
with eyes region 
closed 


: ee Bera ONtal 
B | eta = 

T aamin mn: LEA gion 
cyes UVUpETIEU 

(during brain 

activity) 


= PT AP d em 


Normal Adult Brain Waves 


Beta 


Awake with 
SAT ati anal a yr a ral EUX PS PET LE Hela 7 
14-30 Hz 


mental activity 


Awake and Aap Ann Apna, Alpha 
: #-13 Hz 


resting 


steeping «= VW WAAR SAA set 
= 
oa aa oe nn a Oe i? Stk 


https://www.123rf.com/photo_18111272 normal-brain-waves-eeg.ht 


ml 
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What is alpha block? D 


Vit is an EEG response that occurs when the 
Subject become alert (e.g any sensory 
stimulation or mental concentration). 


YThe alpha rhythm is replaced by fast 
irregular low-voltage beta rhythm. 


Y This EEG response is called the arousal or 
alerting response. 


Vit is due to stimulation of ascending reticular 
activating system (ARAS). 
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Quiz (4) on: 


Different waves of EEG. 


Dee Ce , While the EEG observed 
during deep sleep is ----------------- 


Beta wave/Delta wave 


v Theta wave has an amplitude of ---------- and 
its frequency IS ------------ and recorded mainly 
during -------------- 


100 pv/ 4-7 Hz/ light sleep & 
stress 
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v 


=, AC >= * 
| END ESS 


-= sensory and motor neurons 


y 


at has both 


Facilitatory reticular formation in the pons & midbrain has 
intrinsic activity, it discharges excitatory impulses to all areas of 
cerebral cortex through ascending reticular activating system 

(ARAS) and its descending ventral reticulospinal tract exerts a 
facilitatory effect on spinal gamma motor neurons. 


Inhibitory reticular formation in medulla has no intrinsic 
activity, it sends inhibitory impulses to the motor neurons of 
spinal cord through lateral reticulospinal tract. 


It contains vital centers e.g cardiac, vasomotor &, respiratory 
centers, concerned with regulation of muscle tone, control 
of consciousness & it is the site of perception of slow pain.. 


Its activity is increased by signals from the cerebral cortex e.g. 
during emotion & voluntary movement and drugs e.g. 
catecholamines & caffeine. While, reduction of signals from the 
sensory pathways or the cerebral cortex, stimulation of the 
sleep centers & general anesthetic drugs decrease its activity. 


EEG is the recording of spontaneous electrical activity of the 
brain in unanesthetized erson composed of 4 main waves, 
alpha, beta; theta & delta. Each Wave is recorded under certain 


Lecture Quiz 


Which of the following is true about the 
reticular activating system? 


a) Its neurons are located mainly in the midbrain. 

b) Its neurons can be inhibited by impulses from 
cerebral cortex during voluntary movement. 

c) Its neurons can be activated by sensory signals from 
proprioceptors. 


d) Its neurons are the descending branches of Te) 


reticular formation. 
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Lecture Quiz 


In a healthy, awake adult sitting with the eyes 
closed, the dominant EEG rhythm observed 
with electrodes over the occipital lobes is: 


a.Delta (0.5-4 Hz) 
b.Theta (4-7 Hz). 
c. Alpha (8-13 Hz) 
d.Beta (18-30 Hz) 


e.Fast irregular low voltage activity. 
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SUGGESTED TEXTBOOKS D 


1. Ganong’s Review of Medical Physiology. 23% 
edition , chapter 14 (pages 627: 631) & chapter 
15, page 229. 


2. Guyton & Hall: Textbook of Medical Physiology, 
12e. (XI), Nervous system (Motor & Integrative 
functions) page 1330-1333 
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